. In its formation one of the imine bonds was nucleophilically attacked by hydride to give a mixed imine-amine ligand. The two complexes have been spectroscopically characterized, and the crystal structures of 1 · 2CH 2 Cl 2 and 2 · CH 2 Cl 2 have been established by X-ray crystallography.
Introduction
Ruthenium complexes are currently investigated because of their interesting structural, electrochemical, catalytic, and biological properties [1] [2] [3] [4] [5] including research of ruthenium complexes containing diimino tetradentate Schiff bases, such as salen and salophen ligands [6, 7] . It has been noted that manganese-salen complexes can be widely used as catalysts for alkene epoxidation [8] . Recently, a number of ruthenium-salen complexes have also been found to be active catalysts in various chemical transformations [9, 10] . In particular, ruthenium macrocyclic complexes which are stable towards demetalation have been found to show a reversible electrochemistry and provide good model systems for mech-0932-0776 / 11 / 0300-0324 $ 06.00 c 2011 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com anistic investigations of proton-coupled multielectron transfer reactions [11, 12] . To design rationally transformations catalyzed by ruthenium-salen complexes, the knowledge of their redox and structural properties is desirable [13] . A few ruthenium-salen complexes containing carbene, nitride, nitrosyl, oxo, hydrate, carbonyl, and halide groups, which show catalytic activity and wherein the ruthenium oxidation states vary from +2 to +6, have been investigated in recent years [14] [15] [16] [17] [18] . However, ruthenium-salen complexes with triphenylphosphine ligands have been less explored [18, 19] . We were therefore interested in the reactions of salen derivatives with the typical ruthenium(II) center starting from [Ru(PPh 3 ) 3 Cl 2 ] and [RuHCl(CO)(PPh 3 ) 3 ], which resulted in the isolation of ruthenium(III) and ruthenium(II)-salen complexes stabilized by triphenylphosphine ligands. The initial results including the structural characterization and electrochemical properties of such ruthenium-salen complexes are presented in this paper. [22] . RuCl 3 · 3H 2 O was used as purchased from Pressure Chemical Co. Ltd. NMR spectra were recorded on a Bruker ALX 300 spectrometer operating at 300 and 121.5 MHz for 1 H and 31 P, respectively. Chemical shifts (δ , ppm) were reported with reference to SiMe 4 ( 1 H) and H 3 PO 4 ( 31 P). Infrared spectra (KBr) were recorded on a Perkin-Elmer 16 PC FT-IR spectrophotometer with use of pressed KBr pellets, and positive FAB mass spectra were recorded on a Finnigan TSQ 7000 spectrometer. The magnetic moment of the solid sample was measured by a Sherwood magnetic susceptibility balance at room temperature. Cyclic voltammetry was performed on a CHI 660 electrochemical analyzer. A standard three-electrode cell was used with a glassy carbon working electrode, a platinum counter electrode and an Ag/AgCl reference electrode under nitrogen atmosphere at 25 • C. Formal potentials (E o ) were measured in CH 2 Cl 2 solutions with 0.1 M [ n Bu 4 N]PF 6 as supporting electrolyte and reported with reference to the ferrocenium-ferrocene couple (Cp 2 Fe +/0 ). In the −1.2 to +1.2 V region, a potential scan rate of 50 mV s −1 was used. 
Experimental Section
Elemental analyses were carried out using a Perkin-Elmer 2400 CHN analyzer. Table 1 . Intensity data were collected on a Bruker SMART APEX 2000 CCD diffractometer using graphite-monochromatized MoK α radiation (λ = 0.71073Å) at 293(2) K. The collected frames were processed with the software SAINT [23] . The data were corrected for absorption using the program SADABS [24] . The structures were solved by Direct Methods and refined by full-matrix least-squares on F 2 using the SHELXTL software package [25, 26] . All non-hydrogen atoms were refined anisotropically. The positions of all hydrogen atoms were generated geometrically (C sp 3 -H = 0.97, C sp 2 -H = 0.93 and N-H = 0.86Å), assigned isotropic displacement parameters, and allowed to ride on their respective parent carbon or nitrogen atoms before the final cycle of least-squares refinement.
Synthesis of [Ru
CCDC 795838 and 795839 contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif. nated (salen-NH) 2− group in which one of the imine bonds was nucleophilically attacked by hydride to result in the formation of a mixed imine-amine ligand. The IR spectra of 1 and 2 clearly show strong bands at 1591 and 1594 cm −1 , respectively, which may be attributed to theν(C=N) absorptions. The weak band at 3251 cm −1 in the IR spectrum of 2 may be tentatively assigned to theν(NH) absorption. The C≡O stretching vibration mode was found at 1947 cm −1 in the IR spectrum of 2. The effective magnetic moment µ eff of 1.94 µ B at r. t. is consistent with a ruthenium(III) formulation for 1 [18] . In the 1 H NMR spectrum of 2, two 1 H signals at δ = 4.32 and 8.82 ppm are assigned to the protons of the amine NH and imine HC=N moieties, respectively. The 31 P{ 1 H} NMR spectrum of 2 shows a singlet at δ = −3.46 ppm, which is downfield from that of the free PPh 3 ligand. The positive ion FAB mass spectra of 1 and 2 display the peaks corresponding to the molecular ions [ (1) is shown in Fig. 1 , and selected bond lengths and bond angles are given in Table 2 . The geometry around the ruthenium atom is pseudo-octahedral with chloride and PPh 3 ligands in a mutually trans orientation, as indicated by the P( Obviously, the main change in the structure of the salen unit comes from the coexistence of aminic and The mixed imine-amine ligand is twisted from the regular butterfly conformation of the salen ligand to a V-shaped conformation. The only similar example for the salophen ligand is a dimeric aluminum-salophen complex [27] . The hydrogen atoms on the newly formed sp 3 atoms [N(1) and C(2)] have enough space in 2 and do not affect the relative orientation of phenyl groups. The sterical crowding around the new sp 3 atoms is relaxed by the V shape of the ligand so that abnormal torsion angles around N(1) and C(2) are avoided. The Ru-P bond length of 2.3447(6)Å is comparable to that in other ruthenium phosphine complexes such as [Ru(2-Br-salen) 2 [3,5- 
Results and Discussion
(av. 1.881(3)Å) [28] , and [Ru(2-Br-salen)(CO)(MeIm)] (MeIm = N-methylimidazole) (1.846(13)Å) [14] , but slightly shorter than that in cis-,cis[Ru{η 2 -N(O)C 10 H 6 )} 2 (CO)(PPh 3 )] (1.919(4)Å) [29] .
The cyclic voltammogram of 1 shows three reversible oxidation couples at E 1/2 = 0.82, 0.58 and −0.87 V, which are assigned to the metal-centered Ru III -Ru II couple, the ligand-centered oxidation, and the metal-centered oxidation of Ru IV -Ru III , respectively. The Ru III -Ru II potential for complex 2 (E 1/2 = 0.94 V) is considerably larger than that for complex 1 (E 1/2 = 0.82 V), indicative of the carbonyl stabilization of the complex. It is also noted that the cyclic voltammogram of 1 reveals two reversible couples at 0.94 and 0.61 V assigned to the Ru III -Ru II couple and ligand-centered oxidation, respectively. Similar to complex [Ru(salen)(NO)Cl] [13] , the irreversible wave at −0.91 V in complex 1 is assigned to the metalcentered reduction of ruthenium(II).
In summary, the ruthenium(III)-salen complex [Ru III (salen)(PPh 3 )Cl] (1) and the ruthenium(II)-salen complex [Ru II (salen-NH)(PPh 3 )(CO)] (2) with triphenylphosphine ligands were synthesized and structurally characterized along with spectroscopic and electrochemical analyses. Formation of 1 involved the oxidation of ruthenium(II) to ruthenium(III), and formation of 2 involved the generation of a mixed imineamine ligand salen-NH, which is due to one of the imine bonds being nucleophilically attacked by hydride. It is interesting to note that the mixed imineamine ligand is twisted from the regular butterfly conformation of the salen ligand to a V-shaped conformation, which results in the carbonyl and the phosphine ligands being cis to each other so as to avoid the sterical crowding around the octahedral ruthenium center in 2. The catalytic properties of these rutheniumsalen complexes will be further investigated in our laboratory.
